Although the spontaneous resumption of meiosis has been observed in mammalian oocyte freed from follicular cells by Pincus more than fifty years ago it is only during the past two decades that factors involved in the maintenance of meiotic arrest have been recognized. However Wassarman and Josefowicz, 1978 ;  pig, Motlik, Crozet and Fulka, 1984 ; cattle, Motlik and Fulka, 1986) . In vitro studies have shown that specialized membrane contacts with follicular cells are necessary to oocyte growth : growth is only maintained when oocytes are cultured encompassed by follicular cells but not on follicular cell monolayer, unless removal of the zona allows coupling (Buccione et al., 1987) . FSH or estradiol does not seem beneficial (mouse, Eppig, 1977 Eppig, , 1979 Bachvarova et al., 1980) . The favorable effect of these hormones on the percentage of competent oocytes in young hypophysectomized rats (Bar-Ami and Tsafriri, 1981) is probably related to the favorable effect of these hormones on the whole ovary and particularly on the follicular cells rather than to a specific action on the oocytes. Cocultured in contact with fibroblasts, oocytes do not grow but they survive (Canipari et a/., 1984) . When oocytes reach the critical size during culture, they are able to resume meiosis spontaneously. However, it is interesting to note that after 2 to 10 days of culture on fibroblast monolayer middle-size oocytes also resume meiosis spontaneously (Canipari et al., 1984) showing Thibault, 1977 Thibault, 1969) . These conclusions were followed by numerous attempts to isolate the inhibitor and to determine its chemical nature.
For the time being, at least three inhibitors have been described : the cAMP, the OMI (oocyte meiosis inhibitor) of Channing and Tsafriri, the purine nucleosides of Downs and Eppig. As more and more pro-hormones, hormones (and their mRNAs, Einspanier et al., 1986) are discovered in the ovary some may be candidates as recently mentioned for the SRIF (pig, Mori et al., 1985) and for the anti-mullerian hormone (AMH) (rat, Takahashi et al., 1986 Lintern-Moore, 1978 ; Kaplan et al., 1982 ; Bachvarova et al., 1985) . After the growth period a low rate of RNA synthesis is maintained, even if nucleolus compaction indicates that rRNA transcription is impaired. RNAs labelled during growth are present in the cytoplasm of ovulated oocytes (Fourcroy, 1982 ; Piko, 1982) . At (Bleil and Wassarman, 1980) Albertini, 1976 ; Anderson, 1977 ; Gilula et al., 1978 ; Szbll6si, 1978 ; Szollosi et al., 1978) (Daguet, 1980 ; Gdrard et al., 1979) and in human oocytes (Tesarik et al., 1984) Calarco, 1972) and in the cow (Kruip et al., 1983 ; Hyttel et al., 1986) oocytes and in lesser detail in the rabbit (Szollosi, 1975) Sz6ll6si et al., 1972a) . No (Calarco, 1972 ; Calarco et al., 1972 ; Sz6ll6si et al., 1972a) . The condensed chromosomes lose their NE association and kinetochore microtubules form bundles, originally lacking a common axis between chromosomes.
Then the kinetochore MT bundles and the newly developing « pole to pole » MTs running parallel build the first meiotic spindle (Calarco, 1972 (rabbit, Sz6ll6si, 1975 ; cattle, Hyttel et al., 1986) . The inner leaflet of the NE is of slightly higher electron density, probably corresponding to the presence of nuclear lamins (Rime et al., 1987b ; Maul and Schatten, 1986 ; Maro et al., 1986 Gaddum-Rosse, 1986) . in sheep oocytes from small antral follicles F-actin is also uniformely localized in a narrow cortical band while anti-actin antibodies gave also a uniform nuclear staining (Le Guen, pers. comm.) .
These results contrast directly with those obtained by several groups of investigators in ovulated and fertilized mouse eggs Longo et Chen, 1985 ; Webb et al., 1986) . In mouse there is a focal distribution at the site of polar body abstriction and sperm entry, in the region of both pronuclei and also around polar body II nucleus.
Other components of the cytoskeleton have been also actively studied. (Schatten et al., 1985b ; Maul and Schatten, 1986 ; Rime et al., 1987 Beers, 1983) . However using the same procedure Dekel et al. (1984) and Racowsky (1984) were unable to demonstrate an inhibitory effect of forskolin on rat cumulus-free oocytes.
These discrepancies in the literature could be explained by the high activity of oocyte phosphodiesterase (PDE) since oocyte PDE can in a few minutes return the cAMP to basal levels that were elevated 5 to 10-fold before (Bornslaeger, Wilde and Schultz, 1984 Dekel, 1987) but it has been suggested that this apparent transfer might have been due to cAMP present in cumulus cell processes which remained embedded in the zona pellucida after the cumulus was removed . Moroever Dekel and Beers (1978) , Beers and Dekel (1981) (rat), Freter and Schultz (1984, mice) (Eppig, 1982 ; Eppig and Ward-Bailey, 1982) , hamster (Racowsky and Satterlie, 1985) , sheep (Moor et al., 1980) and pig (Motlik, Fulka and F16chon, 1986) showing that uncoupling between cumulus cells and the oocyte occurs 3 to 9 h after GVBD ( * ) and the quantitative estimation of the gap junction area by freeze fracture (Larsen et al., 1986) (Dekel, 19871 . The junctions were reduced to a small area between the tip of the foot processes and cone shape evaginations of the oocyte cortex form probably resulting from the forces generated by the withdrawal of the corona cell processes, the strength of the intercellular adhesion mechanism and the elastic properties of the oocyte cortex. Two hours later, when compact chromatin mass in formed near the GVBD, the junctions between the two cells become rare and freely terminating corona cell processes are seen within the perivitelline space. (Szollosi, unpublished, fig. 1 ).
1-4-2. Nature and role of OMI.
As pig follicular fluid is easily available and significantly reduced the percentage of spontaneous nuclear maturation of pig, rat (Tsafriri and Channing, 1975) and hamster oocytes (Gwatkin and Andersen, 1976) (1985) reported that purine bases and purine nucleosides, present in porcine and mouse follicular fluids, seem responsible for follicular inhibition of meiosis. When two of these, hypoxanthine and adenosine, are present in the culture medium at the same concentration as in the follicle in vivo, they almost completely inhibit the GVBD in preovulatory mouse oocytes (Eppig et al., 19851 . However, the levels of these purines do not decrease when meiosis is resumed after hCG injection (Vilain, Moreau and Guerrier, 1980) , as in mammalian oocytes. The same observation was made many decades ago in the starfish oocyte (Delage, 19021. In contrast, stimulation of meiosis resumption by steroids has never been proven in mammals. Conflicting results have been reported on the effect of progesterone : either there was a lower incidence of maturation in denuded mouse oocytes (Eppig and Koide, 1978) and of corona enclosed rabbit oocytes (Smith et al., 1978) , or an enhancement of nuclear maturation of cumulus enclosed rabbit oocytes (Bae and Foote, 1975) . A negative effect on pig oocytes of oestradiol (McGaughey, 1977) and androgens (Rice and Me Gaughey, 1981) , has been described in in vitro studies. Similarly Daniel et al. (1986) concluded that testosterone and 19nor-testosterone inhibit porcine oocyte nuclear maturation ; however this effect is only observed after 12 h of culture but neither at 6 h nor at 24 h. (rat, Liberman et al., 1976 ; Billig et al., 1983) . Similarly trilostane has no effect on meiosis resumption of cumulus enclosed or naked hamster oocytes (Suzuki et al., 1984 (Fulka et al., 1986) . Similarly in sheep oocyte a peptide of 47 KD is synthesized 6-8 h, after the beginning of the culture, i.e. 2 h before the GVBD, and the inhibition of this synthesis with cycloheximide prevents GVBD ; this peptide is dependant on a RNA synthesized during the two first hours of the culture (Moor and Crosby, 1986) . (lt is interesting to remember that a peptide of 48 KD appears in the Xenopus oocyte in response to progesterone). In contrast, GVBD occurs in mouse oocyte when either protein synthesis (Fulka et al., 1986) or RNAs synthesis (a amanitine or actinomycin D, Crozet and Sz6ll6si, 1980) is inhibited. However the inhibition of meiosis resumption with dbcAMP modifies peptide profiles (Richter and McGaughey, 19811 . These contradictions may result from the lack of care taken to avoid meiosis reinitiation from being engaged before the drugs could stop synthesis. This is the case when meiosis resumes very rapidly as in rodent oocytes. In fact, Ekholm and Magnusson (1979) (Golbus and Stein, 1976) . Moroever Clarke and Masui (1983, 1985) demonstrate that the block at metaphase II also needs active protein synthesis, whereas in presence of puromycine, M I (Clarke and Masui, 1986 Cortical and perinuclear distribution also of the Golgi elements varies during the maturation processes. The GV is surrounded by a continuous halo of Golgi units. The cortical Golgi units are large and placed in the proximity of the attachement sites of the corona cell foot processes (Moricard and Moricard, 1975) . It is tempting to imply a direct functional relationship of the proximity of these two structures, particularly in view of the recent demonstration that molecular passage is possible between the two cell types at the junctional complex level (Moor et al., 1980) . In the proximity of the cortical Golgi units large accumulation of cortical granules form clusters where the individual granules are in different condensation and maturation stages. These local associations are retained until just about the time of the GVBD (Sz6ll6si et al., 1978) . At which time the Golgi units initiate cortical granules production in oogenesis has not been systematically studied, although some CGs are formed early during initiation of cytoplasmic growth.
The cortical granules become uniformely electron dense in the clusters and then are distributed to form an irregularly placed monolayer of a few nanometer distance from the cell membrane at about the time of ovulation (Cran and Cheng, 1985 Fifteen years ago we discovered the importance of granulosa cells in the cytoplasmic maturation of rabbit oocytes (Thibault and G6rard, 1970, 1973) . When cumulus enclosed oocytes were matured outside their follicle, sperm nuclear decondensation did not follow the normal sequence and further development of the zygote was impaired. Our observations were roughly confirmed by Motlik and Fulka (1974b) who extended them to pig oocytes (1974a) . ln vitro matured cumulus enclosed bovine oocytes behave similarly (Thibault, G6rard and Mdn6zo, 1975, 1976) . Even when a male pronucleus develops after fertilization, regular cleavage seldom occurs (ovine, Moor and Trounson, 1977 ; bovine, Trounson et aL, 1977 ; .
ln vivo maintenance of rabbit oocytes inside their follicle at increasing time after mating or hCG injection, before complementary culture, showed that cytoplasmic competence was completely acquired during the first six hours after reinitiation of meiosis and therefore after GVBD (Chang, 1955 ; Thibault and G6rard, 1973) . Similarly changes in protein synthesis during in vivo or in vitro intrafollicular maturation of ovine oocytes occurs between 6 to 15 h after increase of LH, that is before and after GVBD ; but the protein profile remains unchanged if meiosis resumption occurs outside the follicle (Warnes, Moor and Johnson, 1977) . Slight differences in peptide profiles has also been observed in rabbit oocytes matured either in vivo or in vitro (Van Blerkom and McGaughey, 1978) . Thus oocyte's ability to decondense sperm nucleus depends of or is related to new protein synthesis.
The successful co-culture of cumulus-enclosed oocytes and granulosa cells have proved the basic role of these cells in the acquisition of oocyte cytoplasmic competence at the final stages of its maturation (rabbit, Motlik and Fulka, 1982 ; ovine, Staigmiller and Moor, 1984 ; Crozet et aL, 1987 ; bovine, Critser et aL, 1986 Osborn, 1983 ; Osborn and Moor, 1983 ). This conclusion fits well with the observations of Soupart (1975) who showed that normal male pronucleus formation only occurred in human oocytes when estradiol and then estradiol plus 17 aOH progesterone were added sequentially in the culture medium. We have also shown that estradiol and testosterone further cytoplasmic maturation of rabbit oocytes (Thibault et al., 1975 (Wassarman, 1987) generally induces the acrosome reaction which had been shown to occur on the zona (Gwatkin and Andersen, 1976 ; pig, Sz6llbsi and Hunter, 1973 ; mice, Florman and Storey, 1982 ; bovine, Crozet, 1984 ; ovine, Crozet and Dumont, 1984 ;  human, Overstreet et al., 19871 
